WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

A61F 7/02, 13/00, 13/02, A61L 15/00, 
A01N 25/34 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 00/18338 

6 April 2000 (06.04.00) 



(21) International Application Number: PCT/US99/21 1 40 

(22) International Filing Date: 15 September 1999 (15.09.99) 



(30) Priority Data: 
09/162,587 



29 September 1998 (29.09.98) US 



(71) Applicant: ZARS, INC. [US/US]; Suite 320, 350 West 800 

North, Salt Lake City, UT 84103 (US). 

(72) Inventors: ZHANG, Jie; 6232 South Lorreen Drive, Salt Lake 

City, UT 84121 (US). ZHANG, Hao; Apartment 15J. 5306 
Cobble Creek Road, Salt Lake City, UT 841 17 (US). 

(74) Agents: KRIEGER, Michael, F. et al.; Kirton & McConkie, 
1800 Eagle Gate Tower, Salt Lake City, UT 841 11 (US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR. BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT f LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, 
SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, UZ, 
VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, LS, MW, 
SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, AZ, BY, 
KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, CH, 
CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE), OAPI patent (BF, BJ, CF, CG, CI t CM, GA, GN, 
GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHODS AND APPARATUS FOR IMPROVED ADMINISTRATION OF FENTANYL AND SUFENTANIL 




(57) Abstract 

Methods and apparatus for improving administration of analgesics through the use Of heat The present invention relates to the use 
of heat in conjunction with specially designed transdermal analgesic delivery systems and conventional commercial transdermal analgesic 
delivery systems to alter, mainly increase, the analgesic release rate from the transdermal analgesic delivery systems or the depot sites to 
accommodate certain clinical needs. 



<WO 00 1 8338A 1 J_> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


Bj 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Centra] African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'l voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSDOCID: <WO 001B338A1_I_> 



WO 00/18338 PCT/US99/21 140 

1 

METHODS AND APPARATUS FOR IMPROVED ADMINISTRATION 
OF FENTANYL AND SUFENTANIL 

BACKGROUND OF THE INVENTION 
5 Field of the Invention : The present invention relates to methods and 

apparatus for administration of fentanyl and sufentanil. More particularly, the present 
invention relates to using controlled heat to improve administration of fentanyl and 
sufentanil. 

State of the Art : The dermal administration of pharmaceutically active 

10 compounds involves the direct application of a pharmaceutically active 

formulation(s) to the skin, wherein the skin absorbs a portion of the pharmaceutically 
active compound which is then taken up by the blood stream. Such administration 
has long been known in the practice of medicine and continues to be an important 
technique in the delivery of pharmaceutically active compounds. For example, 

15 U.S. Patent 4,286,592 issued September 1, 1981 to Chandrasekaran shows a bandage 

for administering drugs to a user's skin consisting of an impermeable backing layer, 
a drug reservoir layer composed of a drug and a carrier, and a contact adhesive layer 
by which the bandage is affixed to the skin. 

Such dermal administration offers many important advantages over other 

20 delivery techniques, such as injection, oral tablets and capsules. These advantages 

include being noninvasive (thus, less risk of infection), avoiding first pass 
metabolism (metabolism of the drug in the liver when the drug is taken orally and 
absorbed through the gastrointestinal tract), and avoiding of high peaks and low 
valleys of concentration of pharmaceutically active compounds in a patient's 

25 bloodstream. In particular, high peaks and low valleys of concentration are typical 

in injection and oral administrations and are often associated with undesirable side 
effects and/or less than satisfactory intended effects. 

The term "transdermal analgesic delivery system" or "TADS", as used herein, 
is defined as an article or apparatus containing analgesic(s) for delivery into the skin, 

30 the regional tissues under the skin, the systemic circulation, or other targeting site(s) 

in a human body via skin permeation. The term "TADS" in this application, unless 
otherwise specified, only refer to those systems in which the main driving force for 
drug permeation is the drug concentration gradient. 

The term "analgesic", as used herein, is defined to include any 

35 pharmaceutically active compound which renders a human body or portion of a 

human body insensible to pain without loss of consciousness. 
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The term "skin", as used herein, is defined to include stratum comeum 
covered skin and mucosal membranes. 

The term "clinical effect", as used herein, is defined to include at least a 
diminishing of pain in an individual patient. The amount of analgesic necessary for 
5 a clinical effect will, of course, vary from patient to patient. 

In TADSs, an analgesic(s) is usually contained in a formulation, such as a 
hydro-alcohol gel, and may include a rate limiting membrane between the 
formulation and skin for minimizing the variation in the permeation of the analgesic. 
When a TADS is applied to skin, the analgesic begins to transport out of the 

10 formulation, and transport across the rate limiting membrane (if present). The 

analgesic then enters the skin, enters blood vessels and tissues under the skin, and is 
taken into the systemic circulation of the body by the blood. At least some TADSs 
have certain amount of analgesic in or on the skin side of the rate limiting membrane 
(if present) prior to use. In those TADSs, that portion of the analgesic on the skin 

15 side of the rate limiting membrane will enter the skin without passing through the rate 

limiting membrane. A significant portion of the dermally absorbed analgesic maybe 
stored in the skin and/or tissues under the skin (hereinafter referred as "depot sites") 
before being gradually taken into the systemic circulation (hereinafter referred as 
"depot effect"). For example, this depot effect is believed to be at least partially 

20 responsible for the delayed appearance of the fentanyl in the systemic circulation after 
the application of a fentanyl dermal delivery system, such as Duragesic® dermal 
fentanyl patch (distributed by Janssen Pharmaceutica, Inc. of Piscataway, New Jersey, 
USA), and for continued delivery of the fentanyl into the systemic circulation after 
the removal of the fentanyl dermal delivery system from the skin. 

25 After placing a TADS on the skin, the analgesic concentration in the blood 

typically remains at or near zero for a period of time, before starting to gradually 
increase and reach a concentration deemed to be medicinally beneficial, called the 
"therapeutic level" (the time it takes to reach the therapeutic level is referred to 
hereinafter as the "onset time"). Ideally, the concentration of the analgesic in the 

30 bloodstream should plateau (i.e. , reach a substantially steady state) at a level slightly 
higher than the therapeutic level and should remain there for extended period of time. 
For a given person and a given TADS, the "concentration of the analgesic in the 
bloodstream vs. time" relationship usually cannot be altered under normal application 
conditions. 

35 The onset time and the delivery rate of the analgesic into the targeted area(s) 

of the body for a TADS are usually determined by several factors, including: the rate 
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of release of the analgesic from the formulation, the permeability of the analgesic 
across the rate limiting membrane (if a rate limiting membrane is utilized), the 
permeability of the analgesic across the skin (especially the stratum comeum layer), 
analgesic storage in and release from the depot sites, the permeability of the walls of 
5 the blood vessels, and the circulation of blood and other body fluid in the tissues 

(including the skin) under and around the TADS. Although these primary factors 
affecting onset time and delivery rate are known, no existing TADS is designed to 
have alterable delivery rate in the course of the application of the analgesic. 

While a TADS works well in many aspects, current dermal analgesic delivery 

10 technology has some serious limitations, including: 1) the onset time being 

undesirably long for many situations; 2) the rate that the analgesic is taken into the 
systemic circulation or the targeted area(s) of the body cannot be easily varied once 
the TADS is applied onto the skin and, when the steady state delivery rate is 
achieved, it cannot be easily changed; and 3) the skin permeability being so low that 

1 5 many analgesics are excluded from dermal delivery because the amount of analgesic 

delivered is not high enough to reach a therapeutic level. In addition, temperature 
variations in the skin and the TADS are believed contribute to the variation of dermal 
absorption of analgesics. 

It is known that elevated temperature can increase the absorption of drugs 

20 through the skin. U.S. Patent 4,898,592, issued February 6, 1990 to Latzke et aL, 
relates to a device for the application of heated transdermally absorbable active 
substances which includes a carrier impregnated with a transdermally absorbable 
active substance and a support. The support is a laminate made up of one or more 
polymeric layers and optionally includes a heat conductive element. This heat 

25 conductive element is used for distribution of the patient's body heat such that 

absorption of the active substance is enhanced. U.S. Patent 4,230,105, issued 
October 28, 1 980 to Harwood, discloses a bandage with a drug and a heat-generating 
substance, preferably intermixed, to enhance the rate of absorption of the drug by a 
user's skin. Separate drug and heat- generating substance layers are also disclosed. 

30 U.S. Patent 4,685,911, issued August 11, 1987 to Konnoetal., discloses a skin patch 
including a drug component, and an optional heating element for melting the drug- 
containing formulation if body temperature is inadequate to do so. 

However, it would be advantageous to develop methods and apparatus to 
improve the analgesic administration of TADSs, and, more specifically, to make the 

35 use of TADSs more flexible, controllable, and titratable (varying the analgesic 
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delivery rate, amount, or period according to the biological effect of the analgesic) 
to better accommodate various clinical needs. 

SUMMARY OF THE INVENTION 
The present invention relates to methods and apparatus for improving 
5 transdermal administration of fentanyl and sufentanil through the use of controlled 
heat. 

Although the following discussion is focused primarily on the use of fentanyl, 
it is, of course, understood that the discussion is equally applicable to sufentanil, 
which is a structurally similar to fentanyl. It is further understood that the discussion 

10 also applies to other analgesics that are potent, so that transdermal delivery is 
possible. Such analgesics include: dihydroetophine, bupremorphine, hydromorphine, 
lerophanol, butorphanol, and oxymorphine. 

In the application of transdermal analgesic deliver system (TADS), such as 
a Duragesic® dermal fentanyl patch (distributed by Janssen Pharmaceutica, Inc. of 

1 5 Piscataway, New Jersey, USA), the absorption of the analgesic is usually determined 
by a number of factors including; the diffusion coefficient of analgesic molecules in 
the drug formulation, the permeability coefficient of the analgesic across the rate 
limiting membrane (if one is used in the TADS), the concentration of dissolved 
analgesic in the formulation, the skin permeability to the analgesic, analgesic storage 

20 in and release from the depot sites (sites in the skin and /or sub-skin tissues in which 
dermally absorbed analgesic molecules are stored before being gradually released into 
other parts of the body), the body fluid (including blood) circulation in the skin and/or 
other tissue under the skin, and permeability of the walls of capillary blood vessels 
in the sub-skin tissues. Thus, in order to address the limitation of the current dermal 

25 analgesic delivery technologies, it is desirable to have control over and have the 
capability to alter these factors. It is believed that controlled heating can potentially 
affect each one of the above factors. 

Specifically, increased temperature generally can increase diffusion 
coefficients of the analgesics in the formulations and their permeability across the rate 

30 limiting membrane and skin. Increased heat also increases the blood and/or other 
body fluid flow in the tissues under the TADS, which should carry the drug 
molecules into the systemic circulation at faster rates. Additionally, increased 
temperature also increases the permeability of the walls of the capillary blood vessels 
in the sub-skin tissues. Thus, the present invention uses controlled heating to affect 

35 each of the above factors for obtaining controllable dermal absorption of analgesics. 
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The present invention also uses controlled heating in several novel ways to 
make dermal analgesic delivery more flexible and more controllable in order to deal 
with various clinical conditions and to meet the needs of individual patients. More 
broadly, this invention provides novel methods and apparatus for controlled heating 
5 (hereinafter "temperature control apparatus") during the application of the TADS, 

such that heating can be initiated, reduced, increased, and stopped to accommodate 
the needs. 

Another embodiment of the present invention is to determine the duration of 
controlled heating on TADS based on the effect of the analgesic for obtaining 

1 0 adequate amount of the heat-induced extra analgesic and minimizing under-treatment 

and side effects associated with under and over dosing. 

Through the proper selection, based on the specific application and/or the 
individual patient's need, of the moment(s) to initiate controlled heating, heating 
temperature, and moment(s) to stop the controlled heating, the following 

1 5 control/manipulation of the absorption rates should be achieved: 1 ) shorten the onset 

time of the analgesic in the TADS without significantly changing its steady state 
delivery rates; 2) provide proper amount of extra analgesic during the application of 
a TADS when needed; and 3) increase the analgesic absorption rate throughout a 
significant period of duration or throughout the entire duration of the TADS 

20 application. 

Shortening of onset time is important in situations where the TADS provides 
adequate steady state deliver rates, but the onset is too slow. Providing the proper 
amount of extra analgesic is important where a TADS delivers adequate "baseline" 
amount of the analgesic, but the patient needs extra analgesic at particular moment(s) 

25 for particular period(s) of time during the application of the TADS. Increasing the 

analgesic absorption rate is used for the patients who need higher analgesic delivery 
rates from the TADS. 

The first of above approach maybe achieved by applying controlled heating 
at the starting time of the TADS application, and design the heating to last long 

30 enough to cause the concentration of the analgesic in the systemic circulation or other 

targeted area of the body to rise to near the therapeutic levels, and stops (may be 
gradually) shortly after that. The second approach may be achieved by applying 
controlled heat when a need to obtain extra analgesic are rises, and terminating the 
controlled heating either at a predetermined moment or when the desired effect of the 

35 extra analgesic is achieved. The third approach can be achieved by applying the 

controlled heat at the starting time of the TADS application. In all those three 
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approaches, temperature of the controlled heating needs to be designed to control the 
degree of increase in said that analgesic delivery rates. 

Such embodiments are particularly useful in situations where the user of a 
TADS get adequate analgesic absorption most of the time, but there are periods of 
5 time in which increased analgesic absorption is desirable. For example, during the 

treatment of cancer patients with an analgesic, such as with Duragesic® dermal 
fentanyl patches, "breakthrough" pain (a suddenly increased and relatively short 
lasting pain, in addition to a continuous "baseline" pain) may occur. An additional 
analgesic dose, in the form of a tablet, an oral of nasal mucosal absorption dosage 

1 0 form, or an injection needs to be given to treat the breakthrough pain. With the help 

of controlled heat, a heating patch can be placed on top of the Duragesic® patch 
when an episode of breakthrough pain occurs to deliver more fentanyl into the 
systemic circulation. The heating duration of the heating patch is preferably designed 
to be long enough to deliver sufficient extra fentanyl, but not long enough to deliver 

1 5 the extra amount of fentanyl that may pose a risk to the patient. The patient may also 

remove the heating patch when the breakthrough pain begins to diminish. Thus, with 
the help of controlled heat, one single Duragesic® dermal fentanyl patch may take 
care of both baseline pain and episodes of breakthrough pain. 

Due to low permeability of the skin, onset times of TADS, such a Duragesic 

20 fentanyl patch, can be undesirably long. Thus, another aspect of the present invention 

is to provide methods and apparatus for using controlled heat to shorten the onset 
times of TADSs, preferably without substantially changing the steady state drug 
delivery rates. A particularly useful application of this aspect of the present invention 
is to provide a controlled heating apparatus for use with conventional, commercially 

25 available TADSs, such as Duragesic® fentanyl patch, to shorten the onset times in 

clinical use, without having to re-design the TADSs or adjust their steady state drug 
delivery rates. 

For instance, fentanyl is currently administered transdermally through a skin 
patch (Duragesic®). While Duragesic® delivers fentanyl at adequate rates after the 
30 lag time in many situation, it has several limitations: 

1 ) The lag time is too long in may situation; 

2) The fentanyl delivery rate into the systemic circulation is not designed to 
be alterable, although there are situation where increased fentanyl absorption rates are 
desirable. For example, it would be desirable for a cancer patient wearing a 

35 Duragesic® patch to be able to control cancer pain by obtaining more fentanyl when 
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an episode of "breakthrough" pain occurs, but with the current technology, the patient 
can not obtain additional fentanyl from the same Duragesic® patch; 

3) Limited commercially available doses. Currently, Duragesic® only has 
4 commercially available doses; 25, 50, 75 and 100 ng/hour patches. A patient can 
5 not get a delivery rate that is between these rates, or higher than 100 ^ig/hour. 

With the technology discussed above, all these limitations maybe addressed. 

It is believed that an important cause for variation in analgesic absorption in 
TADSs is variation in temperature of the TADSs and the adjacent skin caused by 
variation in ambient temperature and/or physical condition of the person. This 
10 temperature variation can, of course, potentially affect all of the factors that 

collectively determine the ultimate analgesic deliver rates of the TADSs. Thus the 
present invention of providing methods and apparatus to use controlled heating is also 
expected to minimize the variation in the temperature of the skin and the TADSs 
applied on the skin. It is also contemplated that an insulating material can be 
15 incorporated with the controlled temperature apparatus to assist in not only 

minimizing the temperature variation, but also increasing the temperature of the 
TADS and the skin under it (by decreasing heat loss), each of which tend to increase 
dermal drug absorption. 

The present invention also relates to methods and apparatus for using an 
20 insulating device, such as a cover made of insulating material (i.e. closed-cell foam 

tape) with adhesive edges, and a size slightly larger than the TADS to cover the 
TADS when the TADS and the skin of the user is exposed to extreme temperature 
(i.e. hot shower or hot tub bath; direct sunshine). 

An important area in modern anesthesiology is patient controlled analgesia 
25 (hereinafter " PCA"), in which the patient gives himself a dose of analgesic when he 

feels the need. The ranges of the dose and dosing frequency are usually set by a care 
giver (i.e. caring physician, nurse, etc.). In many PCA situations, the patient receives 
a baseline rate of analgesic, and gets extra bolus analgesic when he feels that is 
needed. The technology in the present invention may be used for a PCA in which the 
30 patient gets the baseline dose by a regular dermal analgesic patch and the extra 

("rescue") dose by heating the dermal analgesic patch. The heating temperature and 
duration needs to be designed to deliver a proper amount of extra dose. 

One of the more important aspects of the present invention is the apparatus 
for generating and providing controlled heating. These controlled heat generating 
35 apparatus generally comprise a heat generating portion and means to pass the heat 

generated by the heat generating portion to the TADSs, the skin, and/or the sub-skin 
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depot and storage sites. These controlled heat generating apparatus generally further 
include a mechanism (such as tape, adhesive, and the like) for affixing the apparatus 
onto the TADSs and/ or the skin. Preferably, the affixation mechanism securely 
holds the controlled heat generating apparatus in place while in use, but it also allows 
5 relatively easy removal after use. Additionally, these controlled heat generating 

apparatus may further include a mechanism for termination the generation of heat. 
For applications with TADSs, the shape and size of the bottom of the controlled heat 
generating apparatus are generally specially made to accommodate the TADSs with 
which they are to be employed. 

10 One embodiment of a controlled heat generating apparatus is a shallow 

chamber including non-air permeable side wall(s), a bottom wall, and a non-air 
permeable top wall which has area(s) with limited and desired air permeability (e.g., 
holes covered with a microporous membrane). A heat generating medium is disposed 
within the shallow chamber. The heat generating medium preferably comprises a 

15 mixture of iron powder, activated carbon, salt, water, and, optionally, sawdust. The 

controlled heat generating apparatus is preferably stored in an air-tight container from 
which it is removed prior to use. After removal from the air-tight container, oxygen 
in the atmosphere ("ambient oxygen") flows into heat generating medium through the 
areas on the non-air permeable top with desired air-permeability to initiate a heat 

20 generating oxidation reaction (i.e., an exothermic reaction). The desired heating 
temperature and duration can be obtained by selecting the air exposure of the top 
(e.g., selecting the right size and number of holes on the cover and/or selecting the 
microporous membrane covering the holes for a specific air permeability), and/or by 
selecting the right quantities and/or ratios of components of the heat generating 

25 medium. 

This embodiment of the controlled heat generating apparatus preferably 
includes a mechanism for affixing the controlled heat generating apparatus onto the 
skin or a TADS that is applied to the skin. For applications where the removal or 
termination of the heating might be necessary, the heat generating apparatus may also 

30 have a mechanism for allowing easy removal from the TADS and/or the skin or for 
termination of the heating. One mechanism for allowing easy removal of the shallow 
chamber from a TADS without removing the latter from the skin comprises a layer 
of adhesive on the side walls of the heat generating apparatus with an non-adhesive 
area or less adhesive area (less adhesive than the adhesive affixing the TADS to the 

3 5 skin) at the bottom of the shallow chamber, with the non- or less adhesive area having 

a shape similar to that of the TADS. When such a heat generating apparatus is 
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applied onto the TADS which is on the skin, the adhesive at the bottom of the side 
walls of the heat generating apparatus adheres to the skin, and non- or less adhesive 
part is on top of, but not adhered or not strongly adhered to the. TADS. This allows 
for removal of the heat generating apparatus without disturbing the TADS. 
5 Although one application of such a heat generating apparatus is to by used in 

connection with a TADS, it is understood that the heat generating apparatus can also 
be applied directly to the skin to increase the release of drugs from depot sites. 

The heat generating mechanism of the present invention for the controlled 
heat generating apparatus is not limited to the preferred exothermic reaction mixture 

10 of iron powder, activated carbon, salt, water, and, optionally, sawdust, but may 
include a heating unit whose heat is generated by electricity. The electric heating 
unit, preferably, includes a two dimensional surface to pass the heat to the TADS 
and/or the skin. The electric heating unit may also include a temperature feedback 
system and temperature sensor that can be placed on the TADS of the skin. The 

15 temperature sensor monitors the temperature at the TADS or skin and transmits an 
electric signal based on the sensed temperature to a controller which regulates the 
electric current or voltage to the electric heating unit to keep the temperature at the 
TADS or skin at desired levels. Preferably, a double sided adhesive tape can be used 
to affix the electric heating unit onto the skin. 

20 The heat generating mechanism may also comprise an infrared generating unit 

and mechanism to direct the infrared radiation onto the TADS or the skin. It may 
also have a temperature feedback system and temperature sensor that can by placed 
on the TADS or the skin to control the intensity of the infrared emission to maintain 
the temperature at the TADS or skin at desired levels. 

25 The heat generating mechanism may further comprise a microwave generation 

unit and a mechanism to direct the microwave radiation onto the TADS or the skin. 
Again, the heat generating mechanism may have a temperature feedback system and 
a temperature sensor to regulate the intensity of the microwave emission to maintain 
the temperature at the TADS or skin at desired levels. 

30 The heat generating mechanism may yet further comprise a container 

containing supercooled liquid which generates heat from crystallization 
("exothermic"). The crystallization is initiated withing the container, such as by 
bending a metal piece in the supercooled liquid, and the container in placed on a 
TADS or on the skin. The heat which is released from the crystallization process is 

35 passed to the TADS and/or the skin. However, heat generated by crystallization 
usually does not maintain a constant level over extended time. Thus, such a heat 
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generating mechanism is not ideal for application where elevated temperature is a 
narrow range over and extended time is necessary, but is useful where only a short 
heating duration is needed, such as with a TADS or an injected controlled/extended 
release analgesic formulation which is capable of releasing adequate amounts of extra 
5 drug by such heating when needed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
While the specification concludes with claims particularly pointing out 
and distinctly claiming that which is regarded as the present invention, the 
advantages of this invention maybe more readily ascertained from the following 
10 description of the invention, when read in conjunction with the accompanying 

drawings in which: 

FIG. 1 is a side cross-sectional view of an embodiment of a temperature 
control apparatus according to the present invention; 

FIG. 2 is a side cross-sectional view of another embodiment of a 
1 5 temperature control apparatus according to the present invention; 

FIG. 3 is a side cross-sectional view of an embodiment of a transdermal 
analgesic delivery system according to the present invention; 

FIG. 4 is a side cross-sectional view of the temperature control apparatus 
of FIG. 2 in conjunction with the transdermal analgesic delivery system of FIG. 3 
20 according to the present invention; 

FIG. 5 is a graph of time versus temperature for a temperature control 
apparatus according to the present invention; 

FIG. 6 is a graph of the mean fentanyl concentration of nine volunteers 
verse time for a four hour contact of a fentanyl containing TADS with heating and 
25 without heating according to the present invention; 

FIG. 7 is a graph of time versus temperature for a temperature control 
apparatus according to the present invention; 

FIG. 8 is a side cross-sectional view of another embodiment of a 
temperature control apparatus according to the present invention; 
30 FIG. 9 is a side cross-sectional view of another embodiment of a 

transdermal analgesic delivery system according to the present invention; 

FIG. 10 is a side cross-sectional view of the temperature control apparatus 
of FIG. 8 in conjunction with the transdermal analgesic delivery system of FIG. 9 
according to the present invention; 
35 FIG. 1 1 is a side cross-sectional view of still another embodiment of a 

transdermal analgesic delivery system according to the present invention; 

WO 001B338A1 J_> 



WO 00/18338 



PCT/US99/21140 



11 

FIG. 12 is a side cross-sectional view of the temperature control apparatus 
of FIG. 8 in conjunction with the transdermal analgesic delivery system of FIG. 1 1 
according to the present invention; 

FIG. 13 is a side cross-sectional view of yet another embodiment of a 
5 temperature control apparatus having three cover layers over an oxygen activated 

temperature regulating mechanism chambers according to the present invention; 

FIG. 14 is a side cross-sectional view of the temperature control apparatus 
of FIG. 13 having a first cover layer removed according to the present invention; 

FIG. 15 is a top plan view of the temperature control apparatus of FIG. 14 
10 along line 15-15 according to the present invention; 

FIG. 16 is a side cross-sectional view of the temperature control apparatus 
of FIG. 14 having a second cover layer removed according to the present 
invention; 

FIG. 1 7 is a top plan view of the temperature control apparatus of FIG. 1 6 
1 5 along line 17-17 according to the present invention; 

FIG. 18 is a side cross-sectional view of the temperature control apparatus 
of FIG. 1 6 having a third cover layer removed according to the present invention; 

FIG. 19 is a top plan view of the temperature control apparatus of FIG. 1 8 
along line 19-19 according to the present invention; 
20 FIG. 20 is a side cross-sectional view of another embodiment of a 

transdermal analgesic delivery system having a rate limiting membrane according 
to the present invention; 

FIG. 21 is a side cross-sectional view of an electric temperature control 
mechanism according to the present invention; 
25 FIG. 22 is a side cross-sectional view of a temperature control apparatus 

comprising a flexible bag filled with a supercooled liquid according to the present 
invention; 

FIG. 23 is a side cross-sectional view of a temperature control apparatus 
applied directly to a patient's skin according to the present invention; and 
30 FIG. 24 is a side cross-sectional view an insulative material over a TADS 

for minimizing temperature variation and/or increasing the temperature of the 
TADS and the skin thereunder according to the present invention. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT 
FIGs. 1 -24 illustrate various views of temperature control or other 
35 apparatuses and transdermal analgesic delivery systems. It should be understood 

that the figures presented in conjunction with this description are not meant to be 
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- illustrative of actual views of any particular apparatus, but are merely idealized 
representations which are employed to more clearly and fully depict the present 
invention than would otherwise be possible. Elements common between the 
figures retain the same numeric designations. 
5 FIG. 1 illustrates a temperature control apparatus 100 of the present 

invention comprising a chamber defined by a bottom wall 102, a top wall 104, and 
side walls 106 wherein a temperature regulating mechanism 108 is disposed 
within the chamber. The temperature regulating mechanism 108 can include a 
heat generating oxidation reaction mechanism, electric heating unit, exothermic 

10 crystallization mechanism, endothermic crystallization mechanism, 
heating/cooling mechanism, cooling mechanism, or the like. 

FIG. 2 illustrates a temperature control apparatus 100 comprising a 
temperature regulating mechanism 108 surrounded by a bottom wall 102, a top 
wall 104, and side walls 106. The bottom wall 102 is preferably a plastic material 

1 5 and the side walls 106 are preferably made of a flexible non-air permeable 

material, such as non-air permeable closed-cell foam material. A portion or all of 
the bottom wall 102 of the temperature control apparatus 100 includes an adhesive 
material 1 12 for attachment to a TADS or to the skin of a patient. The 
temperature regulating mechanism 108 preferably comprises a composition of 

20 activated carbon, iron powder, sodium chloride and water in a proper ratio. 

Optionally, saw dust may be added to the composition to facilitate the airflow 
within the composition and/or provide "body" to the composition. The top wall 
104 is preferably also a flexible non-air permeable material having holes 114 
therethrough. An air permeable membrane 1 16 is, preferably, disposed between 

25 the top wall 104 and the temperature regulating mechanism 108 to regulate the 
amount of air reaching the temperature regulating mechanism 108 through the 
holes 114. The air permeable membrane 1 16 is preferably a porous film (such as 
No. 971 1 microporous polyethylene film - CoTran™, 3M Corporation, 
Minneapolis, Minnesota, USA). 

30 FIG. 3 illustrates a transdermal analgesic delivery system 120 (hereinafter 

"TADS 120") comprising a housing 122 made of a flexible material(s). The 
housing 122 preferably comprises side walls 124 and a top wall 126 with an 
analgesic formulation 128 disposed within the housing 122. Preferably, the 
bottom of the TADS side walls 124 include an adhesive 132 to affix the 

35 TADS 1 20 to the skin of a patient. 
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FIG. 4 illustrates the temperature control apparatus 100 of FIG. 2 attached 
to the TADS 120 of FIG. 3. The TADS 120 attached to a portion of the skin 134 
of a patient. The area of the temperature regulating mechanism 108 is preferably 
slightly larger than that of the analgesic formulation 128. The temperature control 
5 apparatus 100 and the TADS 120 are preferably stored in separated compartments 

of an air tight container (or in separate air tight containers). 

Example 1 

One example of using the embodiment of the present invention illustrated 
in FIGs. 2-4 for administering analgesic material for relief of pain consists of a 

10 patient or care giver placing the TADS 120 on the skin 134 of the patient, which 

preferably adheres to the skin 134 with TADS adhesive 132. The patient or care 
giver then attaches the temperature control apparatus 100 on top of the TADS 120, 
which adheres to the TADS 120 with temperature control apparatus adhesive 1 12. 
Oxygen in ambient air flows into the temperature regulating mechanism 108 

15 through holes 114 and air permeable membrane 116. Of course, it is understood 
that the rate at which oxygen contacts the temperature regulating mechanism 108 
is determined by the size and number of the holes 1 14 on the top wall 104, as well 
as the air permeability of the air permeable membrane 1 16. A heat generating 
(exothermic) chemical reaction occurs in the temperature regulating 

20 mechanism 108. Heat from this reaction passes through the temperature control 
apparatus bottom wall 102, through the TADS top wall 126, through the analgesic 
formulation 128, and increases the temperature of the patient's skin 134 under the 
TADS 120. 

In actual experimentation, the temperature control apparatus 100 
25 comprised the side walls 106 defined by a 1/8 inch thick rectangular foam tape (2 

layers of No. 1779 1/16" white foam tape, 3M Corporation, Minneapolis, 
Minnesota, USA) with an outer dimension of about 2.25 inches by 4 inches with 
an opening therein having an inner dimension of about 1 .75 inches by 3.5 inches, 
the bottom wall 102 comprising rectangular medical tape (No. 1525L plastic 
30 medical tape, 3M Corporation, Minneapolis, Minnesota, USA) of a dimension of 
about 2.25 inches by 4 inches with a non-adhesive side attached to the bottom of 
the side walls 106, and a top wall 104 comprising a rectangular 1/32 inch thick 
foam tape (No. 9773 1/32" tan foam tape, 3M Corporation, Minneapolis, 
Minnesota, USA) with forty-five holes 1 1 4 (diameters approximately 0.9 mm, in a 
35 5 by 9 pattern with about 7.5 mm to 8.0 mm center spacing) therethrough. The 

side walls 106, the bottom wall 102, and the top wall 104 defined a chamber. The 
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holes 1 14 of the top wall 104 were covered by an air permeable membrane 116 
comprising a porous membrane (No. 971 1 microporous polyethylene film - 
CoTran™, 3M Corporation, Minneapolis, Minnesota, USA) disposed between the 
top wall 104 and the temperature regulating mechanism 108. The side walls 106, 
5 the bottom wall 102, and the top wall 104 all had 1/8" rounded corners. The 

temperature regulating mechanism 108 disposed in the chamber comprised a 
mixture of activated carbon (HDC grade - Novit Americas, Inc., USA), iron 
powder (grade R1430 - ISP Technologies, USA), saw dust (Wood Flour, Pine - 
Pioneer Sawdust, USA), sodium chloride and water in the weight ratio of 
10 approximately 5:16:3:2:6 weighing approximately 16.5 grams. The temperature 

control apparatus 1 00 was sealed in an air-tight container immediately after 
fabrication. 

The temperature control apparatus 1 00 was tested on a volunteer with a 
temperature probe placed between the temperature control apparatus 100 and the 

15 volunteer's skin to measure the temperature. The results of this temperature 

experiment is illustrated in FIG. 5 and Table A, which shows that the temperature 
control apparatus 1 00 is capable of keeping the skin temperature to a narrow, 
elevated range of about 41 °C to 43 °C for extended period of time (at least 
about 240 minutes). 

20 TABLE A 



Time (minutes) 


Temperature (°C) 


0 


30.6 


1 


31.8 


2 


33.6 


3 


35.2 


4 


36.6 


5 


38.0 


6 


39.1 


7 


39.9 


8 


40.5 


9 


41.1 


10 


41.5 


11 


41.9 


12 


42.3 
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40 


49 A 
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45 


49 6 
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75 
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AO 7 
4Z. / 


1 90 


49 £ 


1 50 


49 ^ 
HZ. D 


180 


42.0 


210 


41.8 


240 


41.0 


255 


40.4 



Nine human volunteers receive a dose of fentanyl in a TADS 120. The 
TADS 120 comprised a commercially available dermal fentanyl patch, Duragesic- 
50® (designed to deliver an average of 50 micrograms of fentanyl per hour). The 
30 experiment was conducted to determine fentanyl concentrations within the 

volunteers' blood (over a 12 hour period) without heating the TADS 120 and with 
heating the TADS 1 20 (with the temperature control apparatus 1 00 described 
above). The experiments were conducted with at least a two week time period 



001B338A1J_> 



WO 00/18338 



PCT/US99/21140 



16 
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15 



20 



25 



30 



between the heated and unheated sessions. In the unheated session, the TADS 120 
was applied onto the volunteer's chest skin and removed after about 240 minutes. 
In the heated session, the TADS 120 was applied onto the subject's chest skin and 
immediately cover by the temperature control apparatus 100. Both the TADS 120 
and the temperature control apparatus 100 were removed after about 240 minutes. 
In both sessions, blood samples were taken at various intervals for 12 hours and 
the fentanyl concentrations in serum samples were determined by 
radioimmunoassay. 

FIG. 6 and Table B illustrates the mean serum fentanyl concentrations 
produced by the heated and unheated Duragesic-50® patches, respectively, over a 
720 minute duration (The lowest standard used in the assay was 0.1 1 ng/ml. 
Concentrations lower than 0.1 1 ng/ml were obtained using an extrapolation 
method.). With heating by the temperature control apparatus 100, it was found 
that fentanyl began to enter the systemic circulation earlier, and at faster rates. At 
240 minutes, the end of the heating and fentanyl patch application, the average 
serum concentrations of fentanyl in the volunteers with the heating of the 
Duragesic-50® patch was about 5 times that of the unheated Duragesic-50®. These 
surprising results demonstrates that controlled heat can significantly increase the 
speed of dermal fentanyl absorption and shorten the onset time. 

TABLE B 



Time (minutes) 


Serum Fentanyl Cone. 


Serum Fentanyl Cone. 




Without Heat 


With Heat 




(ng/ml) 


(ng/ml) 


0 


0.04 


0.01 


10 


0.03 


0.01 


20 


0.03 


0.02 


30 


0.03 


0.03 


40 


0.03 


0.06 


60 


0.04 


0.09 


75 


0.03 


0.16 


90 


0.04 


0.28 


120 


0..06 


0.45 


180 


0.14 


0.85 


240 


0.26 


1.29 
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300 


0.47 


1.04 


360 


0.40 


0.98 


420 


0.33 


0.88 


480 


0.35 


0.67 


540 


0.38 


0.63 


600 


0.37 


0.51 


660 


0.33 


0.50 


720 


0.26 


0.49 



10 Thus, it is believed that the increased temperature increases the skin 

permeability (compared with a TADS without such a heating mechanism), which 
results in the fentanyl entering the patient's systemic circulation faster. This 
should result in serum fentanyl concentrations reaching steady state quicker. The 
heating is also believed to increase the body fluid circulation and blood vessel 

15 wall permeability in the sub-skin tissues, and cause fentanyl to spend less time in 

the sub-skin depot site. As a result, the patient receives the analgesic compound 
more quickly and receives improved pain relief. 

In yet another experiment, the temperature control apparatus 100 
comprised the side walls 106 defined by a 3/16 inch thick rectangular foam tape (3 

20 layers of No. 1779 1/16" white foam tape, 3M Corporation, Minneapolis, 

Minnesota, USA) with an outer dimension of about 2.25 inches by 4 inches with 
an opening therein having an inner dimension of about 1.75 inches by 3.5 inches, 
the bottom wall 102 comprising rectangular medical tape (No. 1525L plastic 
medical tape, 3M Corporation, Minneapolis, Minnesota, USA) of a dimension of 

25 about 2.25 inches by 4 inches with a non-adhesive side attached to the bottom of 

the side walls 106, and a top wall 104 comprising a rectangular 1/32 inch thick 
foam tape (No. 9773 1/32" tan foam tape, 3M Corporation, Minneapolis, 
Minnesota, USA) with seventy-eight holes 1 14 therethrough (diameters 
approximately 1/32 inch, in a 6 by 13 pattern with about a 6 mm center spacing). 

30 The side walls 106, the bottom wall 102, and the top wall 104 define a chamber. 

The holes 1 14 of the top wall 104 are covered by an air permeable membrane 1 16 
comprising a porous membrane (No. 971 1 CoTran™ membrane, 3M Corporation, 
Minneapolis, Minnesota, USA) disposed between the top wall 1 04 and the 
temperature regulating mechanism 108. The side walls 106, the bottom wall 102, 

35 and the top wall 104 all had 1/8" rounded comers. The temperature regulating 
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mechanism 108 disposed in the chamber comprised a mixture of activated carbon, 
iron powder, saw dust, sodium chloride and water in the weight ratio of 
approximately 5:16:3:2:6 weighing approximately 25 grams. This temperature 
control apparatus 100 was tested on a volunteer's stomach with a temperature 
5 probe placed between the temperature control apparatus 100 and the volunteer's 

skin to measure the temperature. The results of this temperature experiment is 
illustrated in FIG. 7 and Table C, which shows that the temperature control 
apparatus 100 is capable of keeping the skin temperature to a narrow, elevated 
range at between about 41 and 44°C for extended period of time (at least about 
10 450 minutes). 

TABLE C 



30 
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43.7 
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43.5 
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43.5 


40 


43.3 


45 


43.3 


60 


43.1 


75 


42.9 
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150 
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FIG. 8 illustrates another embodiment of a temperature control 
apparatus 150 comprising a temperature regulating mechanism 108 surrounded by 
a bottom wall 102, a top wall 104, and side walls 152. The side walls 152 extend 

15 a distance below the bottom wall 1 02 to define a cavity 1 54. The bottom wall 1 02 
is preferably made of plastic tape material and the side walls 152 are preferably 
made of a flexible non-air permeable material, such as non-air permeable closed- 
cell foam material. A portion of the bottom of the temperature control 
apparatus 1 50 includes an adhesive material 1 12 on the bottom of the side 

20 walls 152 and, preferably, includes a second adhesive material 156 in the bottom 
of the bottom wall 102, wherein the second adhesive material 156 is preferably 
less adhesive than the adhesive material 112. Again, the temperature regulating 
mechanism 1 08 preferably comprises a composition of activated carbon, iron 
powder, sodium chloride, water, and, optionally, saw dust. The top wall 104 is 

25 preferably also a flexible non-air permeable material having holes 1 14 

therethrough. An air permeable membrane 1 1 6 is disposed between the top 

wall 104 and the temperature regulating mechanism 108 to regulate the amount of 

air reaching the temperature regulating mechanism 108 through the holes 1 14. 

FIG. 9 illustrates a TADS 160 comprising a housing made 122 of flexible 

30 materials. The housing 122 preferably comprises side walls 124 and a top 

wall 126 with an analgesic formulation 128 disposed within the housing 122, and 
may include a membrane 130 which may be a rate-limiting membrane. 

FIG. 10 illustrates the temperature control apparatus 150 of FIG. 8 
attached to the TADS 160 of FIG. 9. The TADS 160 is placed on (or attached 
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with an adhesive, not shown) a portion of the skin 134 of a patient and the 
temperature control apparatus 150 is placed over the TADS 160, such that the 
TADS 160 resides within the cavity 154 (see FIG. 8). The adhesive material 1 12 
attaches to the skin 134 and holds the temperature control apparatus 150 in place. 
5 If the TADS 160 is not attached to the skin 134, the temperature control apparatus 

150 holds the TADS 160 in place. Preferably, the TADS 160 is attached to the 
skin 134 with an adhesive material (not shown) with the temperature control 
apparatus 150 placed over the TADS 160. The temperature control apparatus 150 
is attached to the skin 134 with the adhesive material 112 and the second adhesive 

10 material 156 (less adhesive than any attachment adhesive (not shown) between the 

TADS 160 and the skin 134 and less adhesive than the adhesive material 112 
between the temperature control apparatus 150 and the skin 134) attaches the 
temperature control apparatus 150 to the TADS 160. Such an arrangement results 
in secure adhesion of the temperature control apparatus 150 and the TADS 160 to 

15 the skin 134, yet allows for the removal of the temperature control apparatus 150 

without removing the TADS 160. 

FIG. 11 illustrates an alternate TADS 165 comprising a housing 123 made 
of flexible material(s). The housing 123 preferably comprises top wall 125 and a 
membrane 1 03, which may be a rate-limiting membrane, with an analgesic 

20 formulation 128 disposed within the housing 123. FIG. 12 illustrates the 

temperature control apparatus 150 of FIG. 8 attached to the TADS 165 of FIG. 11, 
similar that described for FIG. 10. 

Example 2 

An example of using the embodiment of the present invention illustrated 
25 in FIGs. 8-12 for administering analgesic material to treat breakthrough pain 

consists of a patient or care giver placing the TADS 160, 165 on the skin 134 of 
the patient with the temperature control apparatus 1 50 placed thereover. By way 
of example, when the TADS 160, 165 is a commercially available fentanyl patch, 
Duragesic-50®, it takes several hours after the application of the TADS 160, 165 
30 to obtain a sufficient steady state level of fentanyl in the patient's bloodstream to 

control baseline pain. However, such as with the treatment of cancer patients, a 
patient will from time to time suffer breakthrough pain, which is a suddenly 
increased but usually not long lasting pain. When a patient feels that a 
breakthrough pain episode is imminent, the patient places the temperature control 
35 apparatus 150 over the TADS 160, 165. The heat from the temperature control 

apparatus 1 50 increases the temperature of the fentanyl patch, the skin, and tissues 
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under the skin. As a result, more fentanyl is absorbed across the skin. 
Furthermore, fentanyl already in the skin and sub-skin depot sites (i.e., fentanyl 
molecules that have already permeated across the skin but were stored in the skin 
and sub-skin tissues) starts to be released into the systemic circulation at faster 
5 rates because of increased blood/body fluid flow in the tissues under the fentanyl 

patch and increment blood vessel wall permeability caused by heat from the 
temperature control apparatus 150. The overall result is that fentanyl 
concentration in the patient's bloodstream is significantly increased shortly after 
the heating patch is applied (compared with no temperature control apparatus 150 

10 being used), and the increased fentanyl in the bloodstream alleviates the 

breakthrough pain in a timely manner. It is believed that for lipophilic 
compounds, such as fentanyl, that usually have significant dermal depot effect 
(storage in depot sites in the skin and sub-skin tissues and gradual release from the 
depot sites), the increased analgesic release from the depot sites due to the heating 

1 5 may make a more rapid and a more significant contribution to increasing 

bloodstream drug concentrations than the contribution from increased skin 
permeability caused by the heat. The patient may leave the heating patch on for a 
pre-determined length of time, based on his previous experience of breakthrough 
pain, before he stops the heating by removing the patch or placing an air 

20 impermeable tape to cover all the holes on the top wall 104. The patient may also 

stop the heating when he feels the current episode of breakthrough pain is over or 
beginning to end. 

Preferably, the heating patch is designed to have a predetermined heating 
duration that is sufficient to treat most patients' breakthrough pain, but not long 
25 enough to cause serious side effects associated with fentanyl overdose. However, 

if a particular patient has a higher tolerance to fentanyl, the patient can use two or 
more of the heating patches consecutively so that the patient gets just enough extra 
fentanyl to treat the breakthrough pain. 

Example 3 

30 Yet another example of using the embodiment of the present invention 

illustrated in FIGs. 8-12 comprises using the temperature control apparatus 150 for 
administering analgesic material to treat pain when the diffusion coefficient of the 
active ingredients in the formulation 128 and/or permeability coefficient across a 
rate limiting membrane 130 is so low that it dominantly determines the overall 

35 absorption rate of analgesic material from the TADS 160, 165 into a patient's 

body. By way of example with the use of a TADS 160, 165, the patient or care 
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giver places the TADS 160, 165 on the skin 134 of the patient. If after a time of 
wearing the TADS 160, 165, it is determined that for this particular patient and his 
conditions a higher concentration of fentanyl in the bloodstream is required to 
properly treat his pain, the temperature control apparatus 1 50 is placed on top of 
5 the TADS 160, 165 to heat the TADS 160, 165. 

The increased temperature increases diffusion coefficient of the active 
ingredient in the formulation in the TADS 160, 165 and increases the permeability 
coefficient across the rate limit membrane 130 in the TADS 160, 165, and, thus, 
the overall rates at which the active ingredient enters the patient's body. This, in 
10 turn, increases the concentration of active ingredient in the bloodstream. As a 
result, the patient gets the increased and proper effect. 

Example 4 

Still another example of using the embodiment of the present invention 
illustrated in FIGs. 8-12 comprises using the temperature control apparatus 150 for 

15 decreasing onset time of an analgesic material from the TADS 160, 165. Byway 
of example with the use of a commercially available fentanyl patch, such as 
Duragesic-50®, as the TADS 160, 165, the patient or care giver places the 
TADS 160, 1 65 on the skin 134 of the patient and places the temperature control 
apparatus 150 over the TADS 160. Preferably, the temperature control 

20 apparatus 150 includes a sufficient amount of activated carbon, iron powder, 
sodium chloride, and water in the temperature regulating mechanism 108 to 
sustain an exothermic reaction for at least 4 hours. 

The heat from the temperature control apparatus 150 increases the 
temperature at a contact surface of the skin 134 and the TADS 160, 165 to 

25 temperatures up to about 60 °C, preferably a narrow temperature range between 
about 36°C and 46°C, most preferably between 37°C and 44°C, and maintains 
this temperature for a period of time (i.e., approximately 4 hours). During this 
time, the heat increases the speed of fentanyl release from the TADS 160, 165, the 
permeation rate across the skin 134, the permeation of blood vessel walls, and the 

30 speed of blood circulation which carriers the fentanyl into the systemic circulation 
faster. The exothermic reaction is designed to cease (gradually) after the 
therapeutic fentanyl in serum is achieved or about to be achieved. As a result, the 
fentanyl absorption and concentration in the bloodstream begins to decrease from 
the elevated levels caused by the heat from the TADS 160, 1 65 returns to normal 

35 (unheated) levels. The patient continues to wear the system for a total of between 
about 48 and 72 hours. Compared with a TADS 160, 165 without the use of the 
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temperature control apparatus 150, the fentanyl begins to appear in the 
bloodstream significantly earlier to yield a shortened onset time and the fentanyl 
concentrations in the bloodstream in the early hours of application are 
significantly higher than that produced by an unheated TADS 160, 165. The 
therapeutic serum fentanyl concentration varies from person to person. For 
example some people respond to levels above 0.2 ng/mL. Referring to FIG. 6, this 
0.2 ng/mL concentration is achieved in about one-third the amount of time for a 
heated system than for a non-heated system (i.e., about 70 minutes as compared 
with about 2 1 0 minutes). 

After a period of time when the exothermic reaction of temperature control 
apparatus 150 slowly stops generating heat, the fentanyl concentration in the 
bloodstream starts to gradually approach the normal steady state fentanyl 
concentrations in the bloodstream which would ultimately be seen with an 
unheated TADS 160, 165, given a sufficient amount of time. As a result, the 
temperature control apparatus 150 significantly shortens the onset time of 
Duragesic-50® without significantly altering its steady state delivery rates. Thus, 
the important advantage provided by this approach is that the onset time of a 
TADS 160, 165 already in clinical use can be shortened without significantly 
altering its steady state delivery rates which are not only adequate, but also 
familiar to the caregivers and the patients. 

Example 5 

A further example of using the embodiment of the present invention 
illustrated in FIGs. 8-12 comprises using the temperature control apparatus 150 for 
a sustained high absorption rate of an analgesic material from the TADS 160, 165. 
Cancer patient's tend to develop a tolerance for fentanyl (and other analgesic 
materials) after extended use. For example, if a patient becomes tolerant to a 
Duragesic-100® (100 micrograms/hour deliver rate) dermal patch, a care giver 
may apply both a Duragesic-100® and a Duragesic-50® (50 micrograms/hour 
delivery rate) to treat the patient's cancer pain. However, instead of using two 
Duragesic® patches, a care giver can use a Duragesic-75® (75 micrograms/hour 
delivery rate) patch in conjunction with the temperature control apparatus 150, 
preferably designed to last between about 12 and 24 hours, to increase the fentanyl 
absorption. The care giver replaces the heating patch, after the designed heating 
during is over, with another heating patch to maintain a desired temperature, and 
continues to do so until the fentanyl in the Duragesic-75® patch can no longer 
supply a therapeutic amount of fentanyl. It is, of course, understood that the 
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temperature control apparatus 1 50 may be designed to last as long as the expected 
usage time of the Duragesic-75® dermal patch. 

Heating patches with different heating temperatures may be used to 
achieve different increased levels of fentanyl deliver rates. 
5 FIGs. 13-19 illustrates another embodiment of a temperature control 

apparatus 170. FIG. 13 illustrates the temperature control apparatus 170 which is 
similar to the embodiment of FIG. 8, but comprises a temperature regulating 
mechanism 108 which is made up of a plurality of chambers 172 separated by 
non-air permeable walls 1 74. The temperature regulating mechanism 108 is 

10 substantially surrounded by a bottom wall 102, a top wall 104, and side walls 152. 

Again, the temperature regulating mechanism 1 08 preferably comprises a 
composition of activated carbon, iron powder, sodium chloride, water, and, 
optionally, saw dust, which is disposed in each of the chambers 1 72. The top 
wall 104 is preferably also a flexible non-air permeable material having a plurality 

15 of holes 114 therethrough, preferably, a row of holes 1 14 for each chamber 172. 

An air permeable membrane 1 16 is disposed between the top wall 104 and the 
temperature regulating mechanism 108 to regulate the amount of air reaching the 
temperature regulating mechanism 108 through the holes 114. The top wall 104 
can have at least one cover covering the plurality of holes 1 14 for the regulation of 

20 the air into the chambers 172. As illustrated in FIG. 13, three covers are layered 

on the top wall 104. A first cover layer 176 is affixed to the top wall 104 and has 
openings 178 (see FIG. 17) to expose 2 out of 3 holes 1 14. A second cover 
layer 182 is affixed to the first cover layer 176 and has opening 184 (see FIG. 15) 
to expose 1 out of 3 holes 114. A top cover 186, which has no openings, is 

25 affixed to the second cover layer 182. Thus, a patient has a various opinions on 

what percentage of chambers 172 to expose to ambient air. If the heat generated 
from one third of the chambers is required, the top cover 1 86 is removed, as 
shown in FIGs. 14 and 15. If the heat generated from two thirds of the chambers 
is required or if another additional heat is needed after the depletion of the first 

30 one-third of the temperature regulating mechanism 108, the top cover 186 and the 

second cover layer are removed, as shown in FIGs. 16 and 17. If the heat 
generated from all of the chambers is required or if another additional heat is 
needed after the depletion of the first and second one-third of the temperature 
regulating mechanism 108, the top cover 186, the second cover layer 182, and the 

35 first cover layer 1 76 are removed, as shown in FIGs. 1 8 and 19. It is, of course, 

understood that more or less cover layers can be used with any number of holes to 
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results in any desired amounts of the temperature regulating mechanism 108 being 
activated. 

Thus, by way of example a patient can have a number of choices in using 
the temperature control apparatus 170, such for the suppression of breakthrough 
5 pain. When the breakthrough pain occurs, the patent places the temperature 

control apparatus 1 70 over an analgesic material TADS and can do any of the 
following: 

1 ) Activate a particular number or percent of chambers 1 72 by 
removing the requisite covers depending on how much additional analgesic 
10 material is required to treat the breakthrough pain. The covers can be preferably 

replaced to stop the exothermic reaction when no more additional analgesic 
material is required. 

2) Activate a particular number or percent of chambers 1 72, exhaust 
the heat generating capacity of those chambers 172, and then activate other (non- 

1 5 activated) chambers 1 72. This extends the heating duration of the temperature 

control apparatus 170. The duration of the total heating time is determined by the 
typical duration of the particular patient's breakthrough pain. 

3) Activate enough chambers 172 to treat one episode of breakthrough 
pain, and leave the heating patch in place. When the next episode of breakthrough 

20 pain occurs, activate unused chambers 172. 

FIG. 20 illustrates a transdermal analgesic delivery system 190 (hereinafter 
"TADS 190") having a rate limiting membrane 192. The structure of TADS 190 
is similar to that of FIG. 3. However, the TADS 190 includes a rate limiting 
membrane 192 which resides between the analgesic formulation 128 and the 

25 skin 134 of a patient. 

Generally, the permeability of the analgesic in the analgesic formulation 
128 through the rate limiting member 192 is significantly lower than the 
permeability of the analgesic in the analgesic formulation 128 into the skin of an 
average patient. Rate limiting membranes 192 are used to minimize the variation 

30 in overall permeation, and to regulate the amount of analgesic delivered to the 

patient so that overdosing does not occur. Another aspect of the present invention 
is the use of a temperature sensitive rate limiting membrane, such that the 
analgesic permeation rate through the rate limiting membrane increases 
significantly with increasing temperature. With such a TADS 190, the above 

35 discussed temperature control mechanisms 100 (FIG. 1 & 2), 150 (FIG. 8), and 

170 (FIG. 13) can be used to increase the analgesic delivery rate across the rate 
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limiting membrane 192 to treat breakthrough pain, reduce onset time, increase 
steady state delivery rate, or other advantages discussed above. 

The possible temperature control mechanisms are not limited to the 
exothermic reaction mixture of iron powder, activated carbon, salt, water, and 
5 sawdust, as discussed above. FIG. 21 illustrates an electric temperature control 

mechanism 200 comprising an electric heating element 202 surrounded by a 
bottom wall 102, a top wall 104, and side walls 152 (similar to FIG. 8). The side 
walls 152, preferably, extend a distance below the bottom wall 102 to define a 
cavity 154. It is, of course, understood that the electric heating element 202 does 

1 0 not have to have the side walls 1 52 forming a cavity 1 54. 

The bottom wall 102 and the side walls 152 are preferably made of a 
flexible non-air permeable material, such as non-air permeable closed-cell foam 
material. A portion of the bottom of the temperature control apparatus 200 
includes an adhesive material 1 12 on the bottom of the side walls 152 and, 

15 preferably, includes a second adhesive material 156 in the bottom of the bottom 
wall 102, wherein the second adhesive material 156 is preferably less adhesive 
than the adhesive material 112. The electric heating element 202 preferably 
comprises a flexible resistor plate that can generate heat when supplied with an 
electric current through traces 206, 208. The electric current is preferably supplied 

20 from a battery 212 attached to a control mechanism 214, and an electronic switch 
216. The battery 212, the control mechanism 214, and the electronic switch 216 
are preferably attached to the top surface of the top wall 104. The electric heating 
element 202 is activated by triggering the electronic switch 216 which begins the 
flow of electric current from the battery 212 to the electric heating element 202. A 

25 temperature sensor 218, such as a thermistor, is preferably attached to the bottom 
of the bottom wall 102 and sends a signal (corresponding to the temperature at the 
bottom of the bottom wall 102) through electric trace 222 to the control 
mechanism 214. The control mechanism 214 regulates the flow of current to the 
electric heating element 202, so that the electric heating element 202 quickly 

30 brings the temperature at a contact surface between the bottom wall 102 and a top 
of a TADS (not shown) to a pre-determined level and maintains the temperature at 
that pre-determined level. The following features may be incorporated into the 
control mechanism 214: 1) a mechanism that allows a physician or care giver set 
the length of each heating period for each patient, which allows the physician to 

35 limit the heating, and hence the extra analgesic that the patient can get based on 
the conditions of the patient; 2) a mechanism that allows the physician or care 
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giver to set the minimum time between the heating periods, and hence how often 
the patient can get the extra analgesic through increase heat; 3) a mechanism that 
allows the physician or care giver to set a pre-determined temperature; and/or 4) a 
mechanism that allows the physician or care giver to control the heating 
5 temperature profile, such as gradually increasing heating temperature or 

decreasing temperature over a pre-determined period of time. These features can 
potentially give simple TADSs a variety of control options for the physician 
and/or the patient on the quantity and timing of the delivery of extra analgesic. 

Example 6 

10 An example of using the embodiment of the present invention, such as 

illustrated in FIG. 21, includes using the temperature control mechanism 200 for a 
sustained high absorption rate of an analgesic material from the DDDS 160, 165. 
Cancer patient's tend to develop a tolerance for fentanyl (and other analgesic 
materials) after extended use. For example, if a cancer patient becomes tolerant to 

1 5 a Duragesic-100® (100 micrograms/hour deliver rate) dermal patch, a care giver 

may apply an electric heating device, such as temperature control mechanism 200, 
on a Duragesic-100® patch and sets the temperature to heat the skin surface to 
38 °C to obtain a higher rate of fentanyl delivery from the Duragesic-100® patch 
for treating the patient's cancer pain. However, if, after a duration of treatment, 

20 the cancer patient becomes tolerant the fentanyl delivery rate at 38 °C, the care 

giver can adjust the temperature control mechanism 200 on the of Duragesic-100® 
patch to heat the skin surface to 40 °C to obtain an even higher rate of fentanyl 
delivery from the Duragesic-100® patch for treating the patient's cancer pain. 

25 FIG. 22 illustrates another embodiment of a temperature control 

apparatus 240 comprising a substantially flat, flexible bag 242 filled with a 
supercooled liquid 244, such as a concentrated solution of sodium acetate. A 
bottom portion of the bag 242, preferably, includes an adhesive material 246. The 
bag 242 is preferably slightly larger than the TADS 160 such that the adhesive 

30 material 246 may contact, and adhere to the skin 134. The bag 242 further 

includes a triggering mechanism 248, such as a metal strip. For example, when a 
patient wearing a TADS containing an appropriate analgesic material feels the 
imminent onset of breakthrough pain, the bag 242 is placed over the TADS 160. 
The triggering mechanism 248 is activated (such as by bending a metal strip) 

35 which triggers crystallization in the supercooled liquid. The heat generated by the 

crystallization (phase transition) increases the speed of transport of analgesic 
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material into the body and the speeds the release of analgesic material from the 
depot sites in the skin and the sub-skin tissues. As a result the patient gets a rapid 
delivery of extra analgesic material to treat breakthrough pain. Usually, the heat 
generated by a phase transition can not be sustained over extended time, but may 
5 be enough to release adequate amount of analgesic material from the depot sites in 

the tissues under the skin to treat the breakthrough pain. The advantage of the 
temperature control apparatus 240 is that it is reusable. After use, the temperature 
control apparatus 240 can be placed in hot water and then cooled to room 
temperature to transfer the solidified contents in the bag back to a supercooled 
10 liquid 244. 

Example 7 

One example of enhanced depot site absorption using the embodiment of 
the present invention illustrated in FIGs. 1 and 2 for administering analgesic 
material for pain relief consists of a patient or care giver placing the TADS, such 

15 as a fentanyl-containing TADS, on the skin of the patient at a first location. After 

sufficient depletion of the analgesic in the TADS, the TADS is removed and a 
second TADS is placed on the skin of the patient at a second location to continue 
analgesic delivery. If an episode of breakthrough pain occurs, the temperature 
control apparatus 100 can be applied directly to the patient's skin 134 at the first 

20 location (the TADS is no longer present), as shown in FIG. 22. The heat from the 
temperature control device 100 increases the speed of analgesic release from the 
depot site 252 in the first skin site and the tissues thereunder to give an increased 
analgesic absorption into the systemic circulation 254 to treat the breakthrough 
pain. 

25 Example 8 

As shown in FIG. 24, an insulating material can be incorporated with the 
controlled temperature apparatus to assist in not only minimizing the temperature 
variation, but also increasing the temperature of the TADS and the skin under it 
(by decreasing heat loss), each of which tend to increase dermal analgesic 

30 absorption. 

FIG. 24 illustrates a configuration similar to that illustrated in FIG. 4 
wherein the temperature control apparatus 100 of FIG. 2 is attached to the 
TADS 120 of FIG. 3. The TADS 120 attached to a portion of the skin 134 of a 
patient. An insulating sleeve 350 abuts the skin 134 and encases a substantial 

35 portion of the temperature control apparatus 100 and the TADS 120. 
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It is, of course, understood that the heating devices discussed above could 
be replaced by an infrared heating device with a feedback mechanism. All of the 
controls and variations in controls discussed above would apply to such an 
infrared heating device. The advantage of infrared radiation over simple heat is 
that the former, with proper wavelengths, penetrates deeper into a patient's skin. 

It is further understood that although the above examples were focused 
primarily on the use of fentanyl, the discussion is equally applicable to sufentanil, 
which is a derivative of fentanyl. 

s(c jfc $ $ + 

Having thus described in detail preferred embodiments of the present 
invention, it is to be understood that the invention defined by the appended claims 
is not to be limited by particular details set forth in the above description as many 
apparent variations thereof are possible without departing from the spirit or scope 
thereof. 

What is claimed is: 



20 



25 



30 



35 

BNSOOCID: <WO 0018338A1_I_> 



10 



WO 00/18338 



PCT/US99/21140 



30 

1 . A method of controlling the rate of analgesic delivery to a systemic 
circulation of a human body comprising: 

applying a transdermal analgesic delivery system to the skin of said human body 

for delivery of an analgesic to said systemic circulation of said human 
5 body, wherein said analgesic is selected from the group comprising 

fentanyl and sufentanil; 
applying a temperature modification apparatus capable of generating heat 

proximate said transdermal analgesic delivery system; and 
heating said skin of said human body proximate said transdermal analgesic 
10 delivery system with said temperature modification apparatus to achieve 

an increased rate of delivery of analgesic to said systemic circulation of 

said human body. 

2. The method of claim 1 , wherein said applying said temperature 
modification apparatus capable of generating heat proximate said transdermal 

1 5 analgesic delivery system comprises applying said temperature modification 

apparatus to said transdermal analgesic delivery system. 

3. The method of claim 1, wherein said heating said transdermal 
analgesic delivery system includes heating said skin of said human body 
proximate said transdermal analgesic delivery system up to a temperature of about 

20 60°C. 

4. The method of claim 3, wherein said heating said transdermal 
analgesic delivery system includes heating said skin of said human body 
proximate said transdermal analgesic delivery system to a temperature of between 
about 36 and 46°C. 

25 5. The method of claim 4, wherein said heating said transdermal 

analgesic delivery system includes heating said skin of said human body 
proximate said transdermal analgesic delivery system to a temperature of between 
about 37 and 44 °C. 

6. The method of claim 1, wherein said heating said skin of said 
30 human body effectuates an increase in said rate of analgesic delivery to said 

systemic circulation of said human body through increasing skin permeability by 
said heating. 

7. The method of claim 1, wherein said heating said skin of said 
human body effectuates an increase in said rate of analgesic delivery to said 

35 systemic circulation of said human body through increasing the permeability of 

blood vessel walls in sub-skin tissues by said heating. 
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8. The method of claim 1, wherein said heating said skin of said 
human body effectuates an increase in said rate of analgesic delivery to said 
systemic circulation of said human body through driving said analgesic in depot 
sites in tissues under said transdermal analgesic delivery system into the systemic 
circulation at faster rates by said heating. 

9. The method of claim 1, wherein said heating said skin of said 
human body effectuates an increase in said rate of analgesic delivery to said 
systemic circulation of said human body through increasing circulation of body 
fluid in tissues proximate said transdermal analgesic deliver system by said 
heating. 

10. The method of claim 1, wherein said applying said temperature 
modification apparatus proximate said transdermal administered analgesic 
comprises applying said temperature modification apparatus proximate said 
temperature when breakthrough pain occurs. 

1 1 . The method of claim 10, further including discontinuing 
temperature adjustment when said breakthrough pain diminishes. 

12. The method of claim 1, further including discontinuing said heating 
of said skin of said human body with said temperature modification apparatus 
when a desired clinical effect in said human body is achieved. 

13. The method of claim 1 , further including removing said 
temperature modification apparatus when a desired clinical effect in said human 
body is achieved. 

14. The method of claim 1, further including terminating said heating 
said skin with a heat termination mechanism after a pre-determined duration of 
time. 

15. A method of reducing onset time of an analgesic of a human body 
comprising: 

applying a transdermal analgesic delivery system to the skin of said human body 
for delivery of an analgesic to said systemic circulation of said human 
body, wherein said analgesic is selected from the group comprising 
fentanyl and sufentanil; 

applying a temperature modification apparatus capable of generating heat 
proximate said transdermal analgesic delivery system; and 

heating said skin of said human body proximate said transdermal analgesic 

delivery system with said temperature modification apparatus to achieve a 
reduced onset time of said analgesic of said human body. 
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1 6. The method of claim 1 5, wherein said applying said temperature 
modification apparatus capable of generating heat proximate said transdermal 
analgesic delivery system comprises applying said temperature modification 
apparatus to said transdermal analgesic delivery system. 
5 17. The method of claim 1 5, wherein said heating said skin of said 

. human body includes heating said skin of said human body proximate said 
transdermal analgesic delivery system up to a temperature of about 60°C. 

18. The method of claim 17, wherein said heating said skin of said 
human body includes heating said skin of said human body proximate said 

10 transdermal analgesic delivery system to a temperature of between about 36 and 
46°C. 

19. The method of claim 1 8, wherein said heating said skin of said 
human body includes heating said skin of said human body proximate said 
transdermal analgesic delivery system to a temperature of between about 37 and 

15 44°C. 

20. The method of claim 15, wherein said heating said skin of said 
human body effectuates reducing onset time of said analgesic in said systemic 
circulation of said human body through increasing skin permeability by said 
heating. 

20 21. The method of claim 15, wherein said heating said skin of said 

human body effectuates reducing onset time of said analgesic in said systemic 
circulation of said human body through increasing the permeability of blood 
vessel walls in sub-skin tissues by said heating. 

22. The method of claim 15, wherein said heating said skin of said 
25 human body effectuates reducing onset time of said analgesic in said systemic 

circulation of said human body through reducing storage of said analgesic in depot 
sites in tissues under said transdermal analgesic delivery system. 

23. The method of claim 15, wherein said heating said skin of said 
human body effectuates reducing onset time of said analgesic in said systemic 

30 circulation of said human body through increasing circulation of body fluid 
proximate said transdermal analgesic deliver system by said heating. 

24. The method of claim 15, further including discontinuing said 
heating of said transdermal analgesic delivery system with said temperature 
modification apparatus when a desired concentration of said analgesic in said 

35 systemic circulation in said human body is achieved. 
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25. The method of claim 24, wherein said desired concentration of said 
analgesic in said systemic circulation in said human body is approximately a 
steady state concentration achieved by said transdermal analgesic delivery system 
without heating. 

5 26. The method of claim 15, further including removing said 

temperature modification apparatus when a desired concentration of said analgesic 
in said systemic circulation in said human body is achieved. 

27. The method of claim 26, wherein said desired concentration of said 
analgesic in said systemic circulation in said human body is a steady state 

10 concentration achieved by said transdermal analgesic delivery system without 

heating. 

28. The method of claim 1 5, further including terminating said heating 
said skin with a heat termination mechanism after a pre-determined duration of 
time. 

15 29. A method of adjusting the rate of analgesic delivery to a systemic 

circulation of a human body comprising: 

applying a transdermal analgesic delivery system to the skin of said human body 
for delivery of an analgesic to said systemic circulation of said human 
body, wherein said analgesic is selected from the group comprising 
20 fentanyl and sufentanil; 

applying a temperature modification apparatus capable of generating heat to said 
transdermal analgesic delivery system; and 

heating said skin of said human body adjacent said transdermal analgesic delivery 
system with said temperature modification apparatus to a temperature of 
25 between about 38 and 44 °C to achieve an increased rate of delivery of 

analgesic to said systemic circulation of said human body. 
30. A method of reducing onset time of an analgesic in a human body 

comprising: 

applying a transdermal analgesic delivery system to the skin of said human body 
30 for delivery of an analgesic to said systemic circulation of said human 

body, wherein said analgesic is selected from the group comprising 
fentanyl and sufentanil; 
applying a temperature modification apparatus capable of generating heat to said 
transdermal analgesic delivery system; and 
35 heating said skin of said human body adjacent said transdermal analgesic delivery 

system with said temperature modification apparatus to a temperature of 
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between about 38 and 44°C to achieve a reduced onset time of said 
analgesic in said human body. 

31. A method of providing extra analgesic to a systemic circulation of 
a human body for treating both baseline and breakthrough pain during the 
5 application of a transdermal analgesic delivery system comprising: 

applying said transdermal analgesic delivery system to the skin of said human 
body for delivery of an analgesic to said systemic circulation of said 
human body to treat baseline pain, wherein said analgesic is selected from 
the group comprising fentanyl and sufentanil; 
1 0 applying an apparatus capable of generating heat for a predetermined duration of 

time to said transdermal analgesic delivery system when an episode of 
breakthrough pain is detected; and 
heating said skin of said human body adjacent said transdermal analgesic delivery 
system with said apparatus to a temperature of between about 38 and 45 °C 
15 to provide extra analgesic for treating said breakthrough pain. 
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